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PRIMARY, SRCO.\'DARY. AND CALORIC NYSTAGMUS
OF THE CAT FOLLOWING HABITUATION
: TO ROTATION' _

WILLIAM E. COLLINS, FIL. D,
Civil Arnamedia] Hescanh |mllllm'; FAA OkLlibhoma City, Oklahoma

Repeated motation of the cat in total darkness
tewilty in a marked decline of the eye-movement
response (Crampton, 1961; 1962, Crampton &
Schwam, 1981), Similar findings have been
obtained when the stumuli were unilateral
calorde desigations performed in an Mliminated
eavitomnent, (Henrikswon, et al., 1961), Such
reypomse diminntion appears specific to the di.
rection of the habitwation teials, _

It wonkl seem reasonable to hypothesize that
habituation to a specific mode of vestibular
stimulation would teansfer to a diftecent stim.
ulws madality, The evidence, however, Is cons
flicting. I stuciey of rabhits, Maswell, Burke
and Reston (1922) and Hood and Pfaltz (1934)
found a cler “habituation™ of nystagmus to ro-
tation, but a”, . . normal response to the caloric
test at the close of the sepies”™ (Maswell ot al,
1922), Dunlap (1925) found an habituation
transfer-effect i rabbits from repetitive caloric
lerigation to sotytional stimuli,

The present study was designed:  { a) to in-
vestigate the question of transfer of rotatory
nystagmus habitation to cyloric stimulation,
(b) to depict’ clearly the mdnner in witich ro-
tatory habituation of the o occurs, and (¢) fo
examine the effects of stimulus repetition upon
secondary nystagnms,!

d

* Stwdy condhntel with the trvhial auhl.uu-‘ul Kenmdh
E. Swain while the anther was at the U5 Army Medical
Eﬁlhh I.al--ulwg. Fort K, Kenbwky,  The asiske

e of Many Javiwe Cappe aml ]--wh-h £ Dinbon in the

e of data nohation i wralefulh Mllll“l!"gt‘\l.

* Sevmbiry By stagmus e e, aml s in u oppened
shiertan {4 primaey pense b a vebibubie damnhn
It appean i the abnene of & hange in aedibular dime
\;91:_:&.“ when the prameey has begun ot line®™ (Colline,

) :

METHODS
APPARATUS

Rotatory. The tumtable (Guedry & Kalter,
1936) was located In a light-proof room. The
aceeleration program consisted of the following:
(a) 30 sec at a constant velocity of 1 pm;
(b) 13 sec of CCW acceleration (4.15°/sec');
(¢) 60 sec at a constant velocity of 10 rpm;
(d) a sub-threshold deceleration” of 0.18°/sec!
for 333 sec to zero velocity, This com.
bination of CCW threshold aceelerations and
sub-threshold decelerations limited uystagmus
clicitation to a single direction, viz., with the
fast phase to the left,

‘Calorie, Caloric stimulating cquipment con-
sivted of a water receptacle, an adjustable stand,
tubing, a glass nozzle, and a chemical thermom.
cter (£ 0.3° C). Water temperature was main-
tained at 23.3° C and, whenever adjustments
were necessary, they were made immediately
prior to each trial. Stimuli consisted of 30 sec
of irrigation of the right ear, thereh providing
nystagmug with the fast phase to the left.

RES&U.\T

Aninals were restrained according to the
method of Henriksson, Fernandez, and Kohut
(1981).  Briefly, cats were anethetized and
hides were drilled transversely through their
canine teeth several days prior to testing,  Res
straint was effected by wrapping the animal in
a towel, placing it in a cat wx, ad inserling a
strand of plano wire throsgh the holes iy the
canine teeth, The wire was hell seensely and
stretched tant by tneans of an adjusting des
vce attached to the front of the box,  The
animal’s head wan thus seenred ity o position
clevated from that of normal carriage,

-l
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RECORDINC

Eye movements were recorded with an Offner

Type T Electroencephalogeaph, A 14 see

RC time constant was eployed in amplifica-
tion, Stumah were Jed from needle electrodes
to a patch-panel o the tamtalde, through Jip-
rings, to the recorder, ocated in an adjointing
room.  TLeee electrodes were used with each
apimal.  Two were penitioned by the outer

canthi and an indifferent electrxde was loeated

on the crown near the inid-line of the skull,

PROCEDURE

All testing took place during a single day, i
total darkness, and with the animal positioned
on the tartable,  The preliminary and post-
tests comvisted of wnilateral caloric irrigation
{tests of trapvfer). Water temperatare was ad-
jistedd andl the nozzle inverted into the cat’s car
jist prior to taming off the room lights,  Hab.
itnating trials were 13 COW aceelerations of
4.13°/xec”. Decelerations were sub-threshokl,
For adl rotation trials, the cat was placed with
its head at the center of sotation,  Electrodes

were always examined and the anfmals alerted

in Mmination, immediately prior to darkening
the room and initiating a stimuhes,  Stimue
lation always began within 10 wee of the
onset of total durkness and rest intervals of
12-13 min (including the deceleration. period)
separated trialy, !

Data, from 10 of 15 cats are presented here,
Five sets of records were discarded for the
following reasons: () responses to the pr-
liminary test or to the fist rotation were so
Poor as ta be yot quantifiable J( three animals ),
Testing was itimediately stopped. (h) Volune
tary eve movements, combifed with high nys
tagmic amplitude, blocked the recording pens
on a number of teials (one animal), (¢) Law
of clectrode contact interruptend the ,stimulis
series (one animal), ' :

SCORING

Nystagmie tracings were anahy e foe three
tpes of seores: (a) slow-phase displacement
of the eves wan scored by measiring the ver
tical distance from the peak to the hase-line

of cach nystagmic beat.  Thee values were
accumulated] for successive 3-sec intervals and
tramlated into millivolts by means of a calibra-
tion signal. (b)) Nystacmic fr(-qlu-ncy was
caleutated simply by comnting the number of
beats within the some 3-sec intervals, (¢) Du.

Cration of the primary response was measured

from the omet of acceleration (or the termina.
tion of the caloric irrigation) to the concluding

“phase-of the last beat of primary nystagmus.

3

Measnrements of secondary nystagmns dura-
tion hegan with the firt beat of the secondary
regardless of where it occurred in point of time.

With this method of scoring, slow-phase
displacement-measures oceastonally ended in
an varlier Jsee interval than did the duration
or the freguency measwres (the time seale for
the Tatter two was, of conrve, always identical).
This apparent discrepancy is due to the fact
that, toward the end of a response pattem,
longt, lowseloeity heats appeared,  Frequently:
only the early part of the beat contained a
mesirahle displicement, but the beat contine
ned into o suceeeding 3aee Interval hefore a
fast-phase bronght it to tesmination,

RESULTS

Some examples of the recorded  nystagnic
activity appear in Figure 1. The decline in
the eye-movement response with repeated rota.
tion v clearly evident for hoth the animals
depicted. When the slow-phase and the fre.
qQueney measnrements are plotted for trials 1, 5,
10, and 135, the manner in which the response
decline occurs comes more sharply into focus
{Figure 2),  Initially, nystagmus “overshoots™
the g_%mlus period, .0, the response continues
to haild up for a few seconds after stinmlug ters
mination,  Within the fint 5 trials, however,
a comiderable reduction in eye movement is
accomplished and the respose becores, in
one sense, more “adeguate,” Le, nystagmasg, b
gins to fall off sharply with sty twermina.
tion and the doration v markedly curtailed
(ef. Crampton, 1964),

CPloty of the average mtatory responseper.
trial (Figwre 33 for the 3 measnres {slow-phase
displacement, frequency, amd duration) are in
weneral agreement in _s_lmg\__-il_n_g_g declining func.
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tion, although the least affected parameter is

the duration of the respose.  The same con-
sistency is not evident when the pre- and post.
test caloric measwres are gompared.  Neither
duration nor total slow-phase output of the
caloric response shaws any indication of being
affected by the acries of habituating rotatory
trials, However, a decline of about one-thind
is evident for the frequency of the caloric nys.
tagmus,  This difference betwgen the pre- and
post-test caloric trials is representatively de-
picted by the tracings in Figure 1, and is ovi
cent in the graphed results in Figure 4,
Plotted data for secondary nystagmns are
‘presented fn Figures 3 and 8, Althowgh much
ess regnlae In appearance than the” primary
reaction, the M'('tmtll,;r}' shows a similar decline
at®a function of repeated rotation {Figures 3
and 8). Its onset abo occurs carlier as the
intenity amd duration of the primary are re
duced (Figure 3), It shoukd be noted that
all 10 animaly gve weeondary responey to
mitial rotation trialy; the number so n‘.‘pﬂl\di"t!
was rediteed o 8 by trial 13

Data for pre- and post-test caloric secondary
are included in Figure 8. These data shovld
provide no more than a very rough guide how.
ever, since only 4 animals demonstrated a sees
ondary during the pre-test.  Of these, one
gaye considerably less response, one consider-
able more, and two gave no secondary during
the past-test. In addition, two cats which had
shown no pretest secordlary, gave weak re
Sponyes to the post-test,

. DISCUSSION
PRIMARY NYSTAGMUS

Rotational Habituation, In agreement with
the findings of Crampton (19681 1962) and
Crampton and Schwam (1981), the obtained
data demonstrate a clear and fairly unifonm

alecline in the total slow-phase eye-movement

response of the cat to repeated mobational stim.
wlation i total darkness {Fignre 3, lower graphd,
Further anadysis shows that the decline is pres.
ent in all thiee of the measires emplyed in

~this study, although the duration of nystagmus
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orwive triale  Pree and post.test 5':3 are bawsl on only a few mewtrments. All animals gave second
the decline in output with sucevwive trish compares favorably with similar data for

o rotation, hiwever,
peimary pystaggnut
is lese markedly reduced than are either the
frequency of the beats or the amount of slow.
phase displacement (Figure 3). :
The manner in which the response decline
occurs Is of interest, Evidence)in Figure 2
indicates that: (a) Buring the fint 4 trials,
nystagmic ontput showy' no steep decline im-
mediately after stimulg termination; (b) by
trial 5, nystagmus begins to drop sharply with
the termination of acceleration; (c) a consider-
able amount of nystagmic decline occfirs within
the first 3 trials; (d) in early triald) the most
affected portion of the reaponse dnrve ix that
which occitrs immediately after stimulus ter.
mivation, Thuy, in the vat at least, sevenal
yevific changes occur early in the series of
simulations,  Later trials tend to produce a
wore geggral, overall depression of the nystag.
DHC FEAPOING CUNVE, .
Tranfer of Habituation, The data in Fle
ures 3 and 4 ddicate that the series of 13
rotations had only a4 mild influence upon the
wabadmie reponse to calorie irrigation,  The
cffect wa limited 1o a meduction in beat-

IR EEEERRER R ER BB A L U
THIALS

nyagmue obtainesl during e
Liry reyjonses

frequency, Thus, although a smaller number
of beats occurred, neither duration nor slow.
phase outpnt showed any diminution after the
intervening series of rotations, Furthes. this
reduction in beat-frequency is no greater than
that which might be obtained by 3 or 4 suc-
cenive rrigations (Colling, 1963a),

. Maxwell, Burke, and Reston (1922) reported

a “normal” response to a “cold water douche™
(of wnspecified temperature and  duration)
after rotatogy_nystagmus habituation of the
mbhit,  However, they did not inchele any
pre-rotation thial with which the post-rotation
caloric reapowse coulld be compared,  Further,
a fairly vigorous calorie nystagmns might well
have been obtained i an fee-water drrigation
was applivd, due to the intense nature of sach
a slimu\m_ One or hoth of these Tactors conld
accoomt for the “normal® response obtained.
Sone conflinmation for the point reganding stime
s dntensity apoears in thefe article: ., when
the nvatagimm i‘ullm\-inq rotation at the rate
wwad i these experiments had wholly ceased
W appear, & vigorons alter-ny stagmng. conlhd

-7



be obtained by using a more rapid rate, . ”

{Maowell, Burke & Reston, 1922, p. 433), ~ -7

Hood and Pfaltz (1931) also clalmed an “un-
impaired™ caloric response in the rabbit after
~aclear rotational habituation was demonstrated.
However, they relied almost solely upon the
duration of the response in judging the pres-
ence or absence of such a decline, Further,
both duration and frequency of the nystagmic

tesponse o their caloric tests exceeded initial -

otatory responses by average factors of about 3,

Duonlap {1923) mentioned the importance of

nystagmic changes other than duration of the
response,  Employing an extensive number of
trials, he demonstrated nystagmes habituation
to unilateral caloric stimuli in rabbits, Although
duration was the measure which he reported,
Dunlap {1923) noted that "In the Liter part of
the scries, for esample, ‘twenty-five seconds
~ nystagmus” may mean only one or two Jerks,
The actual nystagmic adantation arainst the
drrigation stimalus wax really, therefore, much
greater and more rapid than the e e
measurements indicate”™ (Dunlap, 1923 p, 192),
Dunlap alio found an absence of rotation-
induced nystagmug after the caloric habitua.
tion, Le., a stimulug generalization. However,
his stimulating technique differed from the
others mentioned i that he used intense (ice
water) habituating stimuli, a large number of
trials, and completely abolished nystagmus to
stimulation of first the lefy horizontal canal,
und then the vight, hefore eamining the trans.
fer clfect, ¥

_ The failure to ghtain significant transfer ef-
fects in the present study does not appear dhe
to a simple arousal variahle, although the latter
is an extremely potent factor i / nystagmic outs
put {Collin, ldﬂﬁ; Collins !ﬁ%‘.. 1962, Colliny
& Poe, 1962; Crampion & Schwam, 1961;"
Wendt, 1951). - Several animals were given
additional caloric trials sulsequent to the post.
test. There was no unusial drop in- response
with the addition of these extea trials,  Hence,
thethigh-outpat caloric post-test response Is not
due to the alerting valwe of & stdden change
from one mode of stimulation to another, Nor
can the reonse decline obtained as a function
of repeated rotation be aceredited to this factor,
A steady deddine in cat nvstagmng has been

. demonstaated even when special precantions
- weretaken ta insiire arovsal during each elicita-

tion {Crampton, l‘)ﬁl;'(.'mmp't(m & Schwam,

- 1961). .

However, one or both of the following factors
might acconnt for the svigorous postotest re-
spomses oblained in this study. In addition,
they provide reasons for the fact that Dunlap
{1923) obtained a transfer effect while Max.
well, Burke and Reston {1922) and Hood and
Plaltz (1934) did hot, (a) In this study, the
caloric stimulus fnitiated a much more vigorous
response than the mild accelerations employed,
le., the rotational stimuli were not as Intense
as the caloric stimuli, Av noted carlier, Maxwell,
Burke, and Reston (1922) cited the im-
portance of stimuluy intensity on rabbit nystag-
mus, In addition, with human subjects, Grif-
fith (1920) rcported vigorons nystagmus to

- more Intense stimoli after subjects had ylelded

markedly reduced responses to a practiond level,
and Guedry (1933), using the duration of the
oculogyral illusion as a measure, demonstrated
that acerleration repetition at a given rate has
less effect on reducing responses to higher
levels of stimulation than It has on lower levels,
(b) The induced neural pattemning may differ
sufficiently between unilateral and bilatern)
stimulation to make the habituation mechanism
respond with a relative specificity that is deter-
mined by whether the canals on one side, or
on bath, are stimulated,

SECONDARY NYSTAGMUS

Extremely few studies have examined the
characteristics of secondary nystagmus (e.g.,
Aschan & Bergstedt, 1954; Collins, 1962, 1963b;
Collinaf& Poe, 1962; Hauty & Wendt, 1960},
The data presented in Figures S and 8 indicate
that the secundary, although considerably less
regular in appearance, rises, peaks, and de-
clines In a manner highly similar to the pri-
mary teaction, In addition, a decline occurs
with'stimulus repetition, and the function bears
a close resemblance to the habituation course
followed by the primary uystagmig,

Hawty and Wendt (1960) have presented
measweements of the slow-phase activity of
human secondary ny stagnee with which some
comparisony of the present data may be made,



They found from 3 subjects (one of whom dem-
onstrated some spontancons aystagmes), that
the output of secondary nystagmns was approvi-
mately one-half that of the preceding primary
- response. -Further, neither intensity nor dura-
tion of rotatory stimulation, separately con-
“sidered, affected the intemity or duration of
“the secondary. A relationship was demon-
strated between total output of sccondary nys-
tagmus and the product of stimulus duration
and Intensity.”

The data ohtained for cats show that the
~ total slow-phase ontput of secondary nystagmus
was only onc-fourth to onefifth that of the
preceding primary; for frequency the factor
was onc-third, With the exception of the last
3 trials, the durations of the primary and cor-
responding  secondary responses were almost
identical {compare Figures 3 and 6),

Of further interest Is the fact that the time-
course characteristicy of the plotted secondary
responses {Figure 3) panallel fairly closely
those found for the primary reaction (Figure 2).
Specifically, the secondary reaches ‘its peak
after about 18 seconds of build-up in trial 1,
and after 12 seconds In trials 10 and 13, There
values compare well with peak activity for the
primary response during the same triaks.
Whether this Is coincidental, or whether the
build-up period for the secondary is intimately
related to the time required forthe primary to
veach its peak, will réquire furthér Investigation,

‘ ¥

sunﬂscanv

_Ten cats were exposed to a serles of above-

threshold“accelerations and sub-thyeshold de-

“celerations.  Unilatera] caloric frrigations, pro-
voking nystagmus in the same d}(\ﬂim as the
“abovesthreshold rotational stimuli preceded and
followed the set of accelerations. A marked
adaptation of nystagmns, characterized by
specific changes in vardy trials, resulted from

* 1t shoft be noted that Hanty and W =Tt 110D eepet
e decline of human scondary nasiagmmne as 4 fumti s
of repratesd elivitation.  The eotite question of m sla o
habutiation i man v far from settled (of, Colling 1A,
Culling Guediv, & Toaner, 1902 Wendt, 1931) and the
somdiions under which it will scvue (e, Awhan, 1934,
Cuedey: & Cranbicl 1982 M Cabe, 198 Wemdt, 1030
are ot vt weampletely definesd. Appanmtly, awber mam
stumnline conalitiens, mo signoficant ke of reaponee wane

)

_repeated sotation.  Although neither duration

nor total show-phase ey e displacement 4o caloric
stimnlation was affected, the intervening rota-

“tional experience produced some rediiction in

the fsequency of the nystagmic beats. Two
factors were proposed in explanation for the
minimal tramfer of adaptation from the rota-
tional to the caloric situation, Secondary nys-
tagmic activity was aho examined and ap-
prared closely related to preceding primary

reactions.  The data indicate that clinicad (ca-

loric} responses to vestibular stimulation may

_ not give an accurate indication of a subject’s

state of adaptation to “practiced™ levely of
angwlar acceleration, - Such findings provide
cantions in the establishment of appropriate
testing techniques for the analysis of vestibular
function in air- or space-vehicle crew members,
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APPENDIX A

TOTAL SLOW-PHASE NYSTAGMIC OUTPUT IN MILLIVOLTS
FOR EACH BOTATORY AND CALORIC TRIAL :

ROTATION ‘ CATS
TRIALS 10 11 12 13 14 15 18 17 18 19

—

223 232 203 194 310 131 124 244 530 246

2 324 169 243 108 20 118 68 138 37T 185

3 983 180 264 B85 251 138 80 1S54 325 220

4 196 203 227 146 208 108 73 11 216 110

s 258 140 26 106 207 101 56 210 216 116

. 176 166 198 81 130 100 S6 26 131 173

7 193 130 M7 S8 174 88 20 193 190 103

8 142 11 173 90 128 94 30 102 138 84

9 197 120 127 52 130 62 40 197 129 132

10 70 10 92 52 120 93 87 76 ISl 85

1 120 93 83 S8 136 72 14 78 M2 14

12 150 116 57 59 120 48 17 82 123 78

131 240 ' 88 10 48 M0 49 a4 63 107 56

W H3 108 4l a0 86 61 12 70 87 49

P 192 120 67 34 83 59 18 63 132 44
CALORIC / | S
TRIALS . '

PRE = 348 36 382 436 191 342 181 159 602 614

POST 365 388 {87 132 220 208 100 407 666 514
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APPENDIX C

Sm“ PIASE NYSTAGMIC OUTPUT (IN MILLIVOLTS) AND FREQUENCY OF NYS-
TAGMIC BFEATS FER TIME INTERVAL AVERACED FOR 10 CATS. “ZERO™ TIME
INDICATES MOMENT OF CALORIC STIMULUS TERMINATION (235° C FOR 20
SECONDS),

SLOV.PHASE NYST:\(‘\!LS (Mv) _FREQUENCY OF BEATS
TIME T

- {SEQ) FRE_ POST . PRE POST
0-3 22 20 "4 28
48 . 24 19 a8 286
79 22 , 23 a7 28
10-12 23 24 ' 42 3.0
13-13 23 22 . 40 28
18-18 21 19 39 27
19.21 21 21 42 28

22.24 20 18 38 24
2527 22 19 41 28
28.30 17 1.7 38 24
31-33 16 15 : 33 20

34-38 16 B <] 33 22

3739 14 1.1 34 22

40-42 13 12 3.2 18
43135 1.1 09 27 18
46-48 1.0 12 24 16
4951 09 0.7 24 16

52.54 1.0 08 22 12

335-57 09 - 11 a1 14
58.60 08 : 08 1.7 12
61.83 08 0.4 18 08

84668 ' 08 0.4 18 03
67.69 02 04 14 0.8

70.72 04 04 1.0 07

- 7373 ;f 0.2 ‘ 03 . 08 0.8

76.78 02 03 08 03

7981 02 02 . 0.7 08
82.84 02 . 04 08 04
85-87 0.1 0.4 0.4 . 03
83-££ : ,0.: 032 0.8 03
1. 0.2 04 04
o9 / 01 i 04 03
97.99 0:1 ‘ 02 04

100102 00 03 0.1 02

1631038 0.0 0.1 0.1 0.2

108-108 00 0.0 . 0.1 0.2

A 109-111 00 0.0 . 0.l 0.1
v 12114 0.0 - ol 0.1 0.1

113117 01 0.0 0.1 0.1

118120 0.0 0.0 0.0 0.1

12113 0.0 1} S 0.0 0.1

124128 0.0 115 I 0.0 -l

120129 : 0.0 1§ ]

130-132 on ol
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APPENDIX E

FREQUENCY OF NYSTAGMIC BEATS PER 3.SECOND INTERVAL
AVERAGED FOR 10 CATS, “ZERO™ TIME INDICATES ONSET OF
CCW ACCELERATION OF 4.1?/SEC’ FOR I.'_l SECONDS.

TIME TRIALS
(SEC) S T e T T 3
0 0.0 0.1 0.1 0.1
2.4 2.8 19 22 26
57 a7 33 30 32
810 40 39 38 33
1113 48 42 45 3l
1416 5.1 a3 34 _ 2.4
17-19 5.0 28 LS 1.2
0.2 36 14 08 08
23.23 3.4 11 03 02
26-28 2.1 0.5 ol 02
29.31 1.0 0.6 ] o1 -
32.34 0.8 08
35.37 0.6 04
38-40 03 0l
H43 04 0.1
+-48 02 lr
49 1 02 )
30-32 ; 0.1 . '
5358 02
$ //) M
’
L 4

L ——
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